Intracerebral hemorrhage in patients with moyamoya disease is rare in children. We report three unique cases of pediatric moyamoya disease with hemorrhagic onset. Two 7-year-old girls and a 9-year-old girl were admitted to our hospital because of intracerebral hemorrhage associated with angiographically verified moyamoya disease. Two of them did not demonstrate either an ischemic episode or cerebral infarct on the magnetic resonance images. A decreased regional cerebral blood flow was revealed on single photon emission computed tomography in two patients, who developed cerebral infarction in the acute stage following hemorrhage. They underwent superficial temporal artery-middle cerebral artery anastomoses combined with encephalo-myo-synangiosis, and have not experienced any further ischemic episodes thereafter. Hemodynamic insufficiency associated with moyamoya disease could cause intracerebral hemorrhage even in children. Adequate management in the acute stage of hemorrhage and revascularization surgery are recommended to prevent 1 cerebral infarction, which may easily occur in pediatric patients with moyamoya disease.
Introduction
Moyamoya disease is characterized by the progressive occlusion of the internal carotid arteries with spontaneous development of a collateral vascular network [1] . Pediatric patients mainly present with cerebral ischemia and they very rarely bleed [2, 4, 14, 15] . Although the benefits of surgical revascularization for ischemic moyamoya disease have been well recognized, the indications for such treatment in hemorrhagic type to prevent rebleeding have not yet been established [2, 6, 13, 20, 22, 27] . We herein report three children aged < 10 years presenting with intracerebral hemorrhage associated with moyamoya disease, two of which were accompanied with early ischemic complications followed by revascularization surgery.
Case report

Patient 1
A previously healthy 7-year-old girl suddenly suffered severe headache and vomiting on November 17, 2004 . She developed moderate weakness in her right extremities, and was admitted to our hospital by ambulance.
Computed tomography (CT) demonstrated an intracerebral hemorrhage in the left globus pallidus and no cerebral infarction was evident on magnetic resonance image (MRI) (Fig. 1) . Cerebral angiography revealed angiographic moyamoya disease (right side, Stage 2; left side, Stage 3 according to the angiographic criteria described by Suzuki [24] ) without any cerebral aneurysms. Both vascular blush in the lenticulostriate arteries and dilatation of the anterior choroidal artery were prominent in the left side. Single photon emission computed tomography (SPECT) using 99m Tc-ethyl cysteinate dimer (ECD) obtained on the 9
th hospital day showed a modest, and not significant, reduction in the regional cerebral blood flow (CBF) in the left frontoparietal cortex. The cerebral vascular reactivity to acetazolamide remained normal. She was managed conservatively with hydration and her hemiparesis gradually improved. She has not experienced any further neurological episodes and she is not on medication during the 28-month follow-up after the first ictus.
Case 2
A previously healthy 7-year-old girl experienced severe headache and vomiting on June 9, 2005. She was taken to a local hospital, and then transferred to ours because of her decreased level of consciousness. CT on admission demonstrated an intracerebral hemorrhage in the right paraventricular white matter and intraventricular clots, but no evidence of cerebral infarction was observed on MRI ( Fig. 2(A)(B) ). Cerebral angiography revealed angiographic moyamoya disease (right side, Stage 3; left side, Stage 1) without aneurysmal formation. Both vascular blush in the lenticulostriate arteries and dilatation of the anterior choroidal artery were prominent on the right side. SPECT using N-isopropyl-4 iodoamphetamine ( 123 I-IMP) obtained on the 4 th hospital day showed a marked reduction of regional CBF in the right parietal cortex ( Fig. 2(C) ). She was treated with the intravenous administration of a hyperosmotic agent (400 ml/day glycerol, 10 w/v% concentrated glycerin solution). Thereafter, she became alert and her headache subsided. On the 16 th hospital day, she complained of a severe headache and began to cry. Soon thereafter, she demonstrated mild left hemiparesis. MRI revealed multiple infarcts in the right frontal and bilateral parietal subcortexes ( Fig. 2(D)(E) ). A free radical scavenger, edaravone [25] , was intravenously administered (60 mg/day) for 5 days, and her left hemiparesis gradually improved. She underwent a superficial temporal artery-middle cerebral artery (STA-MCA) anastomosis combined with encephalo-myo-synangiosis (EMS) on the right side on the 47 th day after the last ictus. She has not experienced further ischaemic episodes without any medication during a 20-month follow-up after surgery. Postoperative cerebral angiography showed a good patency of the direct bypass, and an increased regional CBF in the right cerebral hemisphere was evident on SPECT using 123 I-IMP.
Case 3
A 9-year-old girl suddenly experienced a severe headache and became lethargic on October 29, 2005. She was taken to a local hospital, and then was referred to our institution. She had a previous history of occasional headaches since 3 years of age and transient weakness of the right upper extremity at 8 years old. CT revealed a tiny intracerebral hemorrhage in the right paraventricular white matter and clots in the right lateral ventricle ( Fig.  3(A) ). MRI on admission did not show any other ischemic lesions ( Fig.  3(B) ). Cerebral angiography revealed angiographic moyamoya disease (right side, Stage 2; left side, Stage 3) without aneurysmal formation. The dilatation of the left anterior choroidal artery was prominent, while neither the anterior choroidal artery nor the posterior communicating artery showed abnormal dilatation and branching in the right side. SPECT using 123 I-IMP obtained on the 6 th hospital day showed a modest, and significant, reduction of regional CBF in the left frontoparietal cortexes (Fig. 3(C) ), which was on the opposite side to the bleeding. She was treated with the intravenous administration of a hyperosmotic agent (400 ml/day glycerol, 10 w/v% concentrated glycerin solution). She became alert and her headache subsided. On the 7 th hospital day, she had a recurrence of the headache and manifested transient right hemiparesis several times. Diffusion-weighted MRI revealed an infarct in the left frontal subcortex (Fig. 3(D) ). Edaravone [26] was intravenously administered (30 mg/day) for 5 days, and her ischemic attacks did not progress to a complete stroke. She underwent STA-MCA anastomosis with EMS on the left side on the 40 th day after the last ictus. She has not experienced any further ischemic episodes without medication during a 15-month follow-up after surgery. Postoperative cerebral angiography showed a good patency of the direct bypass, and an increased regional CBF in the left cerebral hemisphere was evident on SPECT using 123 I-IMP.
Discussion
Hemorrhagic type moyamoya disease is frequently seen in adults [1] , and quite a low incidence of hemorrhage in patients aged < 16 years has been reported both in Japan [2, 15] and Korea [4, 14] . In adults, rebleeding is not uncommon and it could worsen the prognosis following hemorrhage [7, 27] . In contrast, the natural course following the first hemorrhage in children remains unclear because of the limited number of reports regarding this kind of episode. Morioka et al. [17] reported a long-term observation following hemorrhage in two children who had not undergone revascularization surgery, and one of whom experienced recurrent hemorrhage in patient's 30s. In contrast, others have reported neither recurrent haemorrhage nor any ischaemic events following hemorrhage among children who had undergone surgery, despite the absence of either long-term observations or precise descriptions [8, 10, 12, 27] .
The increased bleeding risk in adults is considered to result from the fragility of the basal moyamoya vessels and the medullary arteries derived from the choroidal arteries, both of which have developed as long-term compensation for decreased regional CBF [8] . However, in our cases, only one had a previous ischemic episode and none had ischemic lesions demonstrated on the initial MRI. In terms of the bleeding hemisphere, the predominant angiographic findings in adults have been reported as disease progression to Stage 3 according to Suzuki's angiographic criteria [15, 24] . In our case 3, bleeding appeared in the hemisphere where the angiographic staging was less advanced and the regional CBF remained normal (Table) . It was also noted that both the anterior choroidal artery and the posterior communicating artery did not show the type of abnormal dilatation and branching that have been reported to be predominant in young patients with hemorrhage as well as adults [18] . These findings suggest that hypoperfusion is not necessarily responsible for bleeding, and that non-chronically hemodynamic stress may cause intracerebral bleeding from the especially vulnerable collateral vessels, even in children with moyamoya disease.
Subsequent ischemic complications can be a major concern in the acute phase of bleeding in patients with moyamoya disease. Suspected hemodynamic insufficiency and an increased intracranial pressure following hemorrhage can induce cerebral ischemia. In addition, both hyperventilation following crying and dehydration following the use of hyperosmotic agents may thus play a critical role in the cerebral hemodynamic conditions right after bleeding in pediatric patients. In our cases 2 and 3, the ischemic events appeared within 16 days of the first ictus in the region where regional CBF had decreased (Table) . We successfully used edaravone [26] to prevent further ischemic events instead of using antiplatelet agents that may have adversely affected the intracerebral haemorrhage. Iwama et al. [10] and Rafay et al. [21] reported similar cases to ours with ischemic complications. These findings raise the possibility that subsequent ischemic complications may be easily induced in pediatric patients following intracerebral hemorrhage. Adequate sedation [19] , hydration [10] , and management against increased intracranial pressure [21] are crucial factors in the acute phase of bleeding in children with moyamoya disease.
The efficacy of revascularization surgery for ischemic moyamoya disease is generally recognized, while that for the hemorrhagic type in adult to prevent rebleeding has not yet been established [25] . Although some reports have demonstrated the effects of direct revascularization surgery to prevent recurrent bleeding [13] , or at least subsequent ischemia [20] , the long-term efficacy of revascularization surgery following hemorrhage in adult patients remains controversial [2, 6, 22, 27] . On the other hand, moyamoya disease in childhood manifests cerebral infarction more frequently than in adults. Because of the possible limitations regarding the oral intake of antiplatelet agents following intracranial bleeding, surgical revascularization for the region where regional CBF had decreased should be justified to prevent cerebral infarction in pediatric patients with hemorrhage. In our cases 2 and 3, in whom a subsequent infarction had developed, we performed direct revascularization combined with indirect procedures in order to obtain both a rapid improvement in CBF to prevent further ischaemic attacks [3, 9, 11, 16] and the long-term patency of the bypass [5] . They have not experienced any further ischemic episodes thereafter. Another concern is whether revascularization surgery performed in childhood for hemorrhagic moyamoya disease can reduce the rebleeding risk when patients reach the age range of 46 to 50 years, which is the age range with the highest likelihood of rebleeding [17] . Although the long-term effect of revascularization surgery on the prevention of hemorrhagic episodes in pediatric patients with ischemia has been reported [7, 8, 23] , the follow-up findings of those with hemorrhage should thus be clarified by further long-term follow-up studies.
In conclusion, hemodynamic insufficiency could cause not only cerebral infarction but also intracerebral hemorrhage even in children with moyamoya disease. The adequate management in the acute phase of bleeding and revascularization surgery is therefore recommended to prevent cerebral infarction which may easily occur in pediatric patients with hemorrhagic onset. Because the efficacy of revascularization surgery in preventing rebleeding remains unclear, further long-term follow-up studies are thus called for. 
